Since the introduction of connectivism as a learning theory in 2004 a body of literature has developed both offering criticisms and expanding on applications and empirical validation. This article surveys recent literature on the topic, grouping it into themes, and developing an understanding of current perspectives in connectivism. It surveys current perspectives and criticisms of connectivism, views of connectivism as a pedagogy and as a theory of learning, recent evidence supporting connectivism, and a wider understanding of connectivism as it is developing today.
Only papers that were openly accessible to the public without payment were included in this survey. Papers that were not openly published, that is, only available behind a subscription paywall, cannot be viewed by the wider community. Their contents, and therefore the interpretation offered in this paper, cannot be verified by most readers. Moreover, papers accessible only behind a subscription paywall may be about connectivism, but since they are not participating in the broader open discussion of connectivism, they are hence are not a part of the development of connectivism.
While the results of such a survey are representative to a certain degree, they should be thought of more as a "snapshot" of the current discussion of connectivism taking place within connectivism rather than an empirical review of the state of the entire literature. Nor are all results ideal; of the 44 works studied, the sample included five incomplete excerpts from Google books, two detailed abstracts, and two results which were related to, but did not specifically mention, connectivism.
Content was organized into themes found in the selection of papers, and emphasis was placed as much on the range of ideas discussed as on the frequency of any given idea. This paper therefore should be best thought of as an interpretation of the literature, rather than as a quantified analysis of the literature.
Overview of the Findings
As mentioned above, a total of 44 papers were reviewed for the purposes of this study. They form a diverse collection of reviews, surveys and arguments drawn from researchers from around the world.
Five major types of paper predominate: conceptual papers considering the viability and applicability of connectivism as a theory; mixed-method surveys of teachers and learners; design papers applying connectivist principles to create learning opportunities; and papers that evaluate of learning outcomes in cases where connectivist principles are employed; and literature reviews focusing on some aspect of connectivism.
When we consider the attitudes toward connectivism expressed in these papers, it is worth noting that arguments against connectivism were found almost exclusively in the conceptual papers. Of the other papers, the predominant focus was on how and where to apply connectivism, or to employ connectivism to explain the design or the outcome of a learning opportunity. In those cases where connectivism was explicitly evaluated (either on its own or in comparison with another theory) in no case did the evidence mitigate against connectivism. Most outcomes were positive or at worst neutral.
Though a number of the papers addressed the employment of connectivism in language learning, no application or domain predominated. The theory was employed both online and in the classroom, in elementary education through college and to professional development. In addition to language learning authors examined its applicability in science and engineering, mathematics, health case, and even the design of cities.
A table of these findings is available in Appendix A.
In addition to these overall trends (a connectivist would say) it is equally important to look at patterns and theme that offer a perspective on the literature. This is an interpretive exercise and is focused on what can be seen in the papers rather than what can be counted. To that end, three two-part themes were identified:
• Overview and criticisms of connectivism;
• Interpretations of connectivism as a pedagogy and as a theory; • Evidence for the success of and future roles for connectivism.
These themes form the basis for the content below, which is then followed with some brief overview remarks. Overall, 44 papers from the last year are cited for this paper, representing a robust and continued conversation with participants from around the world.
How Connectivism is Being Interpreted

Knowledge
As mentioned above, connectivism is sometimes depicted as a theory of knowledge.
This basis in a theory of knowledge continues into the more recent work being studied here. Díaz and Hernández de Frutos (2018), quoting Marrero-Guillamón (2012), write that knowledge is the set of connections in a network, and therefore, that learning is the ability to create and traverse those connections. Knowledge, they assert, "Connectivism refers to the knowledge that emerges in the network from the interaction within a group".
Knowledge, on this model, isn't something that can be programmed. "This process should not be perceived as a deterministic development" they write. "It may arise spontaneously, but it is something that should be encouraged". Cabrero and Román (2018) write that in connectivism "knowledge is something unpredictable, unstable, uncontrollable and in continuous growth, which means that it goes beyond the total control of a person and might be in their external networks (communities, digital devices, etc.) constantly changing."
Knowledge is also recognized as something that is emergent, something that results from interactivity rather than being the contents of it, as described for example by Kim et al. (2019) as being "the presence of 'Gestalt phenomena', that is, that the whole is something other than the sum of its parts." In a similar vein, Wang (2018), for example, mentions "Distributed cognitive theory" in passing applies it to deep interaction and group meaning construction".
Overall, however, the idea of connectivism as a theory of knowledge is something that lies more in the background of these discussions. Beyond these examples, it is not discussed at any length.
Learning
Connectivism is also seen in recent work (as it has from its original formulation) as informing and describing the learning process. Learning online is in some important ways fundamentally different from traditional learning. "The mental burdens of activity can be understood as dispersed physically, socially, and symbolically between individuals and the tools they are using." (Dieterle & Clarke, 2008) . Some authors focus on the role of connectivism in explaining how learning takes place in these networked environments. For example, Cabrero and Román (2018) suggest that connectivism describes how people adapt to changing environments by making new connections and identifying patterns.
In addition to offering an explanation of learning in these networks, connectivism offers a methodology for such learning, and this methodology is noted by several authors. Kultawanicha, Koraneekija, and Na-Songkhlaa (2015) observe that "the model of connectivism learning consists of 4 steps including: (1) Aggregating, (2) Remixing, (3) Repurposing, and (4) Feed Forward". This is a model of network formation rather a model of knowledge acquisition. Students need to experience the continuous need to make new connections, whether to resources or to people.
"Decision-making is itself a learning process. Choosing what to learn and the meaning of incoming information is seen through the lens of a shifting reality. While there is a right answer now, it may be wrong tomorrow due to alterations in the information climate affecting the decision." (Mlasi & Naidoo, 2018) Thus, connectivism is concerned about far more than the cognitive aspect of learning.
"The connectivistic view includes elements like emotions, recent experiences, beliefs, and the surrounding environment (and) online social networks which are adaptive, fluid, and readily scalable in size and scope." (Johansson et al., 2018) 
Community
Connectivism is understood as informing learning not only in humans but also in communities, as Cabrero and Román (2018) write, "not only the idea of individual human knowledge and learning, but also an approach to understand the collective mentality of a network of individuals, a community or a society based on the same principle: the generation of network ecologies constantly changing and evolving."
Consequently, connectivism is seen as proposing a methodology for making schools "smart". For example, Attar (2018) proposes the establishment of a knowledge and experience-sharing network between schools, teachers and students. Attar writes, "To be able to perform in the new world of knowledge, we need to see the connecting forces. Connectivism and connective knowledge, meaning-making, pattern recognition and absolute certainty are our required skills."
Connectivism also offers principles for the organization of groups, suggesting (with Piao & Ma, 2018) that "the combination and allocation of group members should comply with the principle of voluntariness," with members of the group each taking on an equal role and performing that role independently.
Criticisms of Connectivism
Student Agency
In the early days of connectivism researchers raised the question of whether students would be able to manage to be self-directed and self-motivated learners. Kop (2011) , for instance, after studying Personal Learning Environments, Networks and Knowledge (PLENK) 2010, an early connectivist course, concluded that not all students were able to autonomously direct their own learning and master critical literacies.
Additionally, some researchers found that students were disconnected from their online learning experience. Mackness and Bell (2015) , cited by Gonçalves and Osório (2018), report that "Although many students experienced the light side of the course, some had mixed feelings and experiences, while some even felt disconnected, demotivated, demoralized, disenfranchised, and disturbed -the dark side."
A similar criticism was offered in an extended argument by Pando:
"Connectivism as a teaching trend of virtual education threatens in a way the human condition with respect to their existential problems, their social ties, their values, due to the socalled, according to Bauman (2004) , the generation of liquid modernity. So a new question arises: Has connectivism turned out to be a new behaviorism? Is it useful for the improvement of teaching-learning processes?" (Pando, 2018) It could be argued that these concerns were not widespread, and that perhaps as students become more accustomed to working in social networks and digital technologies initial concerns about their capacity to flourish in such environments become less warranted.
Conceptual Gaps
Another line of criticism centres on the question of whether connectivism can explain conceptformation. Additionally, critics ask whether students employing connectivist methodology can independently create or construct conceptual knowledge.
This sort of argument is offered by Clarà and Barberà (2013b) citing the "learning paradox". This paradox, they write, "can be applied to connectivism as follows: How do you recognize a pattern if you do not already know that a specific configuration of connections is a pattern?" They also suggest that "connectivism underconceptualizes interaction and dialogue, by understanding it as a learner's connection to a human node in the network". Additional, they argue, "connectivism is unable to explain concept development".
Criticisms of this sort have persisted in recent years. For example, Al Dahdouh (2018) argues that connectivism cannot show how learners form connections to the variety of resources. A process over and above connectivist pedagogy seems to be required: "How a learner forms connection to a node can be summarized into three consecutive stages: (1) planning and forethought; (2) cognitive processing; (3) evaluating". Additionally, in a related but distinct strand of argumentation, Gonçalves and Osório argue, "there are no activities in MOOC that can be implemented collectively, so there is a tendency for the lack of involvement and participation of teachers".
Responses?
In a 2019 blog post George Siemens appeared to recant on network learning based on objections similar to those outlined above (Siemens, 2019) . He wrote, "While networks have tremendous descriptive power, I've started to realize that they are insufficient. They can be predictive...but not at the level that I gleefully felt at one time…. all connections and networks occur within a system. The system sets the rules for connection forming and for action capabilities available to individuals."
Certainly there is no reason to believe that every network everywhere will enable individual agency and will be cognitively complete, that is, able to account for intellectual accomplishments such as the appreciation of universal principles or the comprehension of language, what Chomsky (1986) called "Plato's problem".
But there is more and more reason to believe that some networks can support agency and cognition. On receiving the 2019 Turing Award for his work in neural networks and connectionism, Geoffrey Hinton commented, "for a long time, neural networks were regarded as flaky in computer science…". But today they recognize handwriting, translate text, and even express creativity (Chung, 2019) .
And in much of the recent discussion of connectivism there was less emphasis on the criticisms of connectivism than there was discussion about how connectivism should be understood, the conditions under which it should be applied, and how it can be successful. Let us turn to these discussions.
Connectivism as Pedagogy
MOOCs
The primary expression of connectivism as pedagogy over the last decade has been the MOOC; indeed, the first MOOC was titled "Connectivism and Connective Knowledge". Thus researchers continue to investigate the connection. For example, Mahmod, Ali, and Shah (2018) investigate "the global role of MOOCs in e-learning (which) has emerged due to learning theories related to learners whether individuals or networks of learners". Fondo and Konstantinidis (2018) employ connectivism in MOOC design that "occurs in complex (environments) and lacking definite form".
Zaduski, Lopes, and Schlunzen (2018) suggest that "The principles are the same as those of OERs, that is, the contents organized and structured at the beginning of the course served more to initiate discussions and to foster curiosity rather than to be considered 'absolute truths' or as contents to be memorized and reproduced in assessments."
But would students learning in a MOOC exhibit connectivist learning? Studies suggest they do. For example, "The interaction around topics and topic generation supports the idea of learning as network creation after the analysis of participation patterns that are based on some deep interactive topic." (Wang, Anderson, & Chen, 2018) 
Classrooms
Though connectivism was envisioned as a theory describing digital learning, numerous researchers applied connectivist pedagogical principles to classroom environments.
• Profit (2019) examined connectivism as being utilized is in Active Learning Classrooms (ALC) but suggested that the theory would need to be modified; citing Gebre et al. (2015) Profit argues that for an ALC to be effective, "three parts must be in place: the transmission of knowledge, engagement of students and the ability to develop learning independence." • Similarly, Rice (2018) includes connectivism as only part of a broader approach to classroom learning, offering five strategies for implementing connectivism in the classroom. These strategies include "never providing information that students can access themselves," which pushes connectivism toward the model of discovery learning rather than network learning. • Montebello (2018) employs connectivism in the context of classroom interaction.
Connectivism "justifies how learners employ networked resources, as potentially those within an AmI classroom, to form connections and links to learn and share knowledge and ideas."
Microlearning
In corporate learning the concept of microlearning has achieved wide currency in recent years (Emerson & Berge, 2018) . Microlearning is learning that takes place in short intervals of time, with small units of content (Hug & Friesen, 2017 ; p.17), and reflects "the emerging reality of the ever-increasing fragmentation of both information sources and information units used for learning".
De Gagne et al. (2018) argue that "The theoretical basis of microlearning is connectivism", because connectivism is focused on the development of the ability to form links between many ideas, each with each other and with different source of information. "These connections between ideas in individual learners' brains are formed, developed and maintained in what Siemens calls learning ecologies", they write. "Learning ecologies can vary in size, scope and complexity, but they are all composed of networks of individuals and information Sources".
Autonomy, Interactivity…
As described by Al Dahdouh, Osórioand, and Caires (2015) and elsewhere, connectivism describes the principles for successful networks as autonomy, diversity, interactivity and openness. The discussion of connectivism as pedagogy sees researchers edging toward these principles.
Many of the writers described student autonomy as an essential principle in connectivist models of learning, depicting "21 st century students as 'do-it-yourself' learners" (Hazeldine, Yardley, & Shearman, 2018). In MOOCs, in classrooms, in corporate microlearning, we see a greater emphasis on enabling the learner to choose what they learn and how they learn.
Interactivity has meanwhile been increasingly viewed not only as an effective pedagogical strategy but also as a means of creating and growing new learning. Researchers depict connectivism not merely as a means of knowledge transmission but as a means of solving problems and accomplishing tasks. For example, Madhok, Frank, and Heller (2018) write,
"Our model of Global Learning is an extension of Connectivism to offer an innovative and practical approach to the enormous problem of global Public Health human resource shortages."
Connectivism as a Theory of Learning
Arguments in Support
Connectivism has often been positioned as a theory of learning alongside (for example) behaviourism, cognitivism and constructivism. Some authors take up this positioning explicitly.
What does it mean to be a theory of learning? Duke, Harper, and Johnston (2013) reflect the generally held beliefs that "a theory generally applies to the synthesis of a large body of information" and that something qualifies as a theory based on "whether it is useful or not useful for explaining or predicting behavior".
They contrast this with an instructional theory, which, they write, "must prescribe procedures to enable learning efficiently and effectively". Citing Bruner (1966) they argue that this includes such things as learning predisposition, concept design, the progression of ideas, and the employment of rewards and punishments. One current strand of argumentation is that connectivism should be seen as an extension of existing theories. (Homanova et al., 2018) For example, it is argued that it is "only the evolution of previous schools and not a theoretical revolution in pedagogy" (Cabrero & Román, 2018) . Or it extends the limits of constructivism (Mattar, 2018 ).
Objections
An additional strand of argumentation draws on criticisms of connectivism to suggest that it is not sufficiently robust to be considered a theory of learning. Clarà and Barberà (2013a), for example, argue that connectivism is unable to explain concept development. "If a concept consists of a specific pattern of associations, how can it be explained that the concept develops but the pattern of associations remains the same?"
Related to this is the idea that connectivism is not in itself sufficiently complete to be considered a theory of learning. Zheng et al. (2018) suggest that connectivism "does not explain how the information provided in the nodes is integrated into the existing knowledge structure of the network after the learning is built".
To understand the learning process, external factors may come into play. For example, Ament and Edwards (2018) point to the role of teachers and peer learning in a collective sense, while Al Dahdouh (2017) asks about the design and management of learning networks. He asks, "What does the person who is playing with the hyper-parameters represent in the human mind?"
Basis for Connectivism in Research
Proponents of connectivism have responded that while connectivism is based in previous work, this does not mean that connectivism is identical to, or a part of, the theories produced by that work. Rather, connectivism is argued to be based on a set of ideas that brings together numerous strands of investigation.
For one, they draw a connection between connectivist MOOCs and the neurocognitive perspective. Connectivism itself is rooted in the study of artificial neural networks, a discipline known as connectionism. Al Dahdouh (2017) A number of researchers argue that connectivism consonant with aspects of the constructivist research program.
"Connectivism agrees with Constructivism in a big part of this global view of the learner, as
Connectivism also considers that the learner has a main role in the learning process." (Cabrero & Román, 2018) Similarly, some researchers cite Conversation Theory (Pask, 1975; Laurillard, 1993; 2002) and Actor-Network Theory (ANT) (Latour, 1987; Law, 1999) and Network Learning (Harasim, 1995) all as precedents, suggesting that connectivism is not sufficiently distinct from any of these to be treated as a learning theory in its own right.
It is not evident what the standard is for the distinctness necessary for something to be considered a theory in its own right. Clearly connectivism cannot be the same theory, or even an extension, of all of these theories. It is equally unlikely, given its connections to so many different theories, that it is the same as any one of them.
Evidence for Success
When connectivism was introduced, proponents argued that the objective of connectivism is not to support traditional content-knowledge models of learning outcomes, but rather to develop the capacity to learn and grow in a fluid network-based environment. How then are connectivist being assessed today?
Motivation
A number of studies point to an association between connectivism and increased motivation on the part of students to pursue their work more deeply and more independently, citing positive motivational outcomes such as academic self-efficacy and task value in learners (Kultawanicha, Koraneekija, & Na-Songkhlaa, 2015; Prince, 2017, all as cited by Borna & Fouladchang, 2018a).
Borna and Fouladchang (2018a), for example, write, "the experimental group which was trained using connectivism approach showed the more scores in the post-test of academic self-efficacy and task value compared to CLT approach… the use of connectivism theory in education and learning process will lead to increased motivational beliefs". In part, motivation was related to the use of modern technology. For example, in a survey of learning professionals, "most of the But most of all, motivation stems from autonomy, that is, the ability to manage one's own course of studies. "It's not social influence", write Fianu et al. (2018) . It is traceable to the pedagogy and the learning environment. As Angelini and Gasbarri (2018) write:
"Autonomy and scaffolding represent the main components in promoting intrinsic motivation in learning pharmaceutical sciences, beside competence and relatedness. The high scores associated with student performances reflect our efforts to improve their self-confidence with organic chemistry, confirming the importance of motivational approaches."
Improved Outcomes based on Method
Instructional methods associated with connectivism were reported as improving learning outcomes. (Sarnok & Wannapiroon, 2018; Vas, Weber, & Gkoumas, 2018; Cao, 2018) . The selection of relevant and context-sensitive resources was related to a reduced number of errors and improved learning.
In one case, "the study revealed that autonomy, diversity, interactivity, openness and Web 2.0 have a positive significant effect on students' achievement" (Zulkifley, Nor, & Siti, 2018) .
In another, it was shown that "the connectivism instructional method was significantly more effective than grammar-translation method" (Borna & Fouladchang, 2018b) . Students "have opportunities to increase academic engagement through diversity and attention to the individual's interest in choosing content or tasks."
Ability to Learn
Connectivism has also been associated with an increased ability to learn on the part of students. This stems partially from their increased capacity to self-manage and partially from the more reliable world-view offered by a connectivist perspective.
For example, with respect to self-management "Students in higher education learning environments will prepare for the future when they become self-directed learners and more motivated by learning than performance," write Sarnok and Wannapiroon (2018) .
And with respect to the connectivist perspective, students "learnt that people generally see the world not as it is, but as they are, or, as they are conditioned to see it" (Shrivastava, 2018) . Thus we see a connection being drawn between the connectivist conception of knowledge and improved learning outcomes.
Moving Forward
Role of Connectivism
By and large, authors are in broad agreement that connectivism has a role to play in the future of learning and development.
There is a need for connectivist models.
"It is important to reflect on concepts such as open education, open educational resources,
connectivism and rhizomatic learning environments, given that these are themes that are articulated and strengthened due to the cyberculture." (Zaduski, Lopes, & Schlunzen, 2018) "giving students a sense of control also seems to be vital in successful SNS use. In this case, it was done through students' control over the content and direction of the debate and how and when they engaged in online negotiation." (Pallas, Eidenfalk, & Engel, 2018) These are all aspects of what Bolstad et al. (2012) refer to as "emerging principles for a 21 st century education system". They point to the need for personalizing learning, diversity and inclusivity, developing a learning capacity, and a culture of continuous learning (pp. [3] [4] [5] . Connectivism places these themes into a single framework and provides a basis for understanding why these needs have emerged.
Connectivism also fosters critical thinking and deep learning, which educators see as essential moving forward.
"The author believes that critical thinking is a means to achieve deep learning, the cultivation of critical thinking ability and other higher-order thinking ability is the goal of deep learning, while deep learning research is the focus of learning science research." (Wang, 2018) And connectivism can be seen as a response to constructivism, which backgrounds the role of the instructor.
"Based on the theory of connectivism, educators take an essential role in digital learning." (Wei & Hu, 2018) 
Thinking of Connectivism More Widely
Connectivism isn't simply a theory that describes and explains how to teach a certain body of knowledge to students. Its success isn't measured in summative evaluations of pre-established learning objectives. Rather, it focuses on a wider understanding of learning and fosters a broadbased capacity to learn and adapt in dynamic and chaotic environments (Bowes & Swanwick, 2018) . In the fifteen years since our knowledge of all of these disciplines has grown. None of them has been without its issues, from the fears related to neural-network-inspired artificial intelligence to the abuses of social networks to the transformation of graph theory into applications such as blockchain and GitHub. And connectivism, too, has grown and become more widely understood during that time.
What can be said of connectivism based on current work in the field? Though that depends to a large degree what one expects from a learning theory, some more general remarks can be made. Consider different ways a theory can be evaluated. One might ask whether the theory is conceptually coherent. It might be asked whether the theory is useful and can be applied in practice. Additionally, one may ask whether a theory actually explains the phenomena it encompasses. And finally, one may ask whether the theory is predictive, and in particular, whether its application can produce desirable outcomes.
With respect to coherence, the greatest challenges are posed at the conceptual level, where it is held, variously, that either connectivism is not a theory, only an extension of previous theories, or represents the more negative aspects of a digital learning environment. It may be that all of these are true, though we can find arguments against each of them. But even if true, none of these show that connectivism is incoherent. Whether or not desirable, it does remain evident, through the ongoing application of connectivism to diverse cases, that connectivism says something valuable.
And in fact, that value shows in its application. The primary evidence that something is useful, it is said, is that it is used. There is evidence aplenty in the literature that it is used. Certain principles of connectivism (and especially the core principles of autonomy, diversity, openness and interactivity) can be observed in multiple cases where learning is being planned, designed, implemented and evaluated. It is being used in multiple disciplines, and at various levels of instruction, around the world.
In addition to being used to design and develop learning opportunities, as seen in a number of connectivism, as a theory, offers proponents an explanation for the results being observed. These explanations appealed to specific phenomena -the utility of social networks, increased student motivation, the development of deep learning -and traced them back to features of connectivism, such as interaction, autonomy, or network effects.
